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We performed a large set of collisionless N-body simulations of merging disk-
galaxies with mass ratios of 1:1, 2:1, 3:1, and 4:1 using the special purpose hard-
ware GRAPE. These simulations were used to examine whether the formation
of elliptical galaxies can be explained in the context of the merger scenario.
The photometric, kinematical and isophotal properties of the simulated merger
remnants were investigated. The methods used to determine the characteristic
properties were developed to resemble the methods used for observations of giant
elliptical galaxies. We took projection eects into account and analysed the rem-
nant properties in a statistical way for comparison with observations. We found
that 1:1 merger remnants rotate slowly, are supported by anisotropic velocity
dispersions, have signicant minor-axis rotation, and show predominantly boxy
isophotes in good agreement with observations of bright giant ellipticals. 3:1 and
4:1 remnants are isotropic, fast rotators, show a small amount of minor-axis ro-
tation, and have disky isophotes in perfect agreement with observations of faint
fast rotating giant elliptical galaxies. 2:1 remnants show intermediate properties.
Projection eects lead to a large spread in the data in good agreement with ob-
servations. They do not change the fundamental dierences between equal-mass
and unequal-mass merger remnants.




Detailed observations of individual elliptical galaxies have shown that they can be
subdivided into two groups with respect to their structural properties (Bender, Do¨bereiner
& Mo¨llenho 1988; Bender 1988; Kormendy & Bender 1996) [BDM,and references therein].
Disky ellipticals are isotropic rotators with small minor axis rotation and disky deviations of
their isophotal shapes from perfect ellipses. They might contain faint disks which contribute
up to 30% to the total light in the galaxy, therefore their disk-to-bulge ratios overlap with
those of S0-galaxies (Rix & White 1990; Scorza & Bender 1995). Disky ellipticals have
power-law inner density proles (Lauer et al. 1995; Faber et al. 1997) and show little or
no radio and X-ray emission (Bender et al. 1989). Boxy ellipticals, on the other hand, are
in general more massive than disky ellipticals. They have box-shaped isophotes, and show
flat cores. The kinematics of boxy ellipticals is generally more complex than that of disky
ellipticals. They rotate slowly, are supported by velocity anisotropy, have a large amount of
minor axis rotation and, occasionally, have kinematically distinct cores (Franx & Illingworth
1988; Jedrzejewski & Schechter 1988; Bender 1988). These cores inhibit flattened rapidly
rotating disk- or torus-like components dominating the light in the central few hundred
parsecs (Bender 1990; Rix & White 1992; Mehlert et al. 1998), but they contribute only a
few percent to the total light of the galaxy. The fact that these cores are metal-enhanced
shows that gas must have played an important role during their formation (Bender &
Surma 1992; Davies, Sadler & Peletier 1993; Bender 1996; Davies 1996). Boxy ellipticals
show stronger radio emission than the average and have high X-ray luminosities consistent
with emission from hot gaseous halos (Beuing et al. 1999). The distinct physical properties
of disky and boxy elliptical galaxies point to the fact that both types of ellipticals could
have dierent formation histories. It has been argued by Kormendy & Bender (1996) and
Faber et al. (1997) that the observed stellar disks and the high density power law centers in
disky ellipticals show that dissipation was essential for their formation. In this sense they
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seem to continuate the Hubble sequence from S0’s to higher bulge-to-disk ratios (Kormendy
& Bender 1996). Boxy ellipticals with an even higher bulge-to-disk ratio show a stronger
kinematical decoupling at their centers and no signature of a disk at all. Therefore the
Hubble sequence might represent galaxies with a vanishing disk component embedded in
more prominent spheroidal bodies from S0’s to massive ellipticals.
The traditional view on the formation and evolution of giant elliptical galaxies is
that they are very old stellar systems and all formed very early at a redshift of more
than two (Searle, Sargent & Bagnuolo 1973). After an intensive initial star-formation
phase they experienced very little mass evolution (Bruzual & Charlot 1993). It has been
argued by many authors that the stellar evolution of ellipticals is compatible with pure
passive evolution models (Bower, Lucey & Ellis 1992; Aragon-Salamanca et al. 1993;
Bender, Ziegler & Bruzual 1996; Ellis et al. 1997; Ziegler & Bender 1997) or models with
exponentially decaying star formation (Ziegler et al. 1999). Alternatively, hierarchical
theories of galaxy formation predict that massive galaxies were assembled relatively late in
many generations of mergers of disk-type galaxies or smaller subunits and mass accretion.
It has been argued by Kaumann (1996) and Kaumann & Charlot (1998) that this merger
scenario is consistent with observations of galaxies at dierent redshifts. The idea that
elliptical galaxies can form from mergers of disk-galaxies has been originally proposed by
Toomre & Toomre (1972). Thereafter the \merger hypothesis\ has been investigated in
great details by many authors. Negroponte & White (1983), Barnes (1988) and Hernquist
(1992) performed the rst fully self-consistent merger models of two equal-mass stellar disks
embedded in dark matter halos. The remnants are slowly rotating, pressure supported and
anisotropic systems and generally follow an r1/4 surface density prole in the outer parts.
However, due to phase space limitations (Carlberg 1986) it is necessary to have progenitors
with massive central bulge components (Hernquist 1993b) to t the observed de Vaucouleurs
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prole also in the inner parts. These simulations showed that global properties of equal
mass merger remnants resemble those of ordinary slowly rotating massive elliptical galaxies.
More detailed investigations of isophotal shapes of the merger remnants have shown that
the same remnant can appear either disky or boxy when viewed from dierent directions
(Hernquist 1993b) with a trend pointing to boxy isophotes (Heyl Hernquist & Spergel
1994; Steinmetz & Buchner 1955). Barnes (1998) and Bendo & Barnes (2000) investigated
a sample of disk-disk mergers with a mass ratio of 3:1 and found that the remnants are
flattened and fast rotating in contrast to equal mass mergers. Naab, Burkert & Hernquist
(1999) investigated the photometric and kinematical properties of a prototypical 3:1 merger
remnant in details and compared the results to observational data of disky elliptical
galaxies. They found an excellent agreement and proposed that fast rotating disky elliptical
galaxies can originate from pure collisionless 3:1 mergers while slowly rotating, pressure
supported ellipticals form from equal mass mergers of disk galaxies. In this paper we extend
the analysis of Naab, Burkert & Hernquist (1999) and investigate a set of mergers between
disk-galaxies with mass ratios of 1:1, 2:1, 3:1, and4:1. After a short description of the
simulation methods in section 2 we investigate the photometric and kinematic properties of
the simulated remnants in section 3. We discuss the drawback of our results on the theory
of the formation of elliptical galaxies in section 4.
2. The merger models
The spiral galaxies are constructed in dynamical equilibrium using the method
described by Hernquist (1993). We use the following system of units: gravitational constant
G=1, exponential scale length of the larger disk h = 1 and mass of the larger disk Md = 1.
Each galaxy consists of an exponential disk, a spherical, non-rotating bulge with mass
Mb = 1=3, a Hernquist density prole (Hernquist 1990) with a scale length rb = 0:2h and
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a spherical pseudo-isothermal halo with a mass Md = 5:8, cut-o radius rc = 10h and core
radius γ = 1h. The N-body simulations were performed using a direct summation code
with the special purpose hardware GRAPE (Sugimoto et al. 1990).
We performed simulations with two dierent resolutions. For comparison, a set of high
resolution simulations with one xed orbital geometry was used to follow the sequence of
mass ratios from  = 1 to  = 4. Here  was the mass of the more massive galaxy divided
by the mass of the merger partner. The low resolution mergers were used to investigate the
parameter space for dierent relative orientations for  = 1 to  = 4.
For the low resolution runs the equal-mass mergers were calculated adopting in total
133332 particles with each galaxy consisting of 6666 bulge particles, 20000 disk particles,
and 40000 halo particles. For the mergers with  = 2; 3; 4 the parameters of the more
massive galaxy were as described above. The low-mass companion contained a fraction
of 1= the mass and the number of particles in each component with a disk scale length
of h =
√
1=, as expected from the Tully-Fisher relation (Pierce & Tully 1992). For the
gravitational softening we used a value of  = 0:1, the xed leap-frog integration time step
was t = 0:08. We decided to use twice as many halo particles than disk particles to reduce
heating and instability eects in the disk components (Naab, Burkert & Hernquist 1999).
The high resolution runs used 400000 particles for the equal-mass mergers with each
galaxy consisting of 20000 bulge particles, 60000 disk particles, and 120000 halo particles.
The merger companion was scaled the same way as described above. The softening was
 = 0:07, and the timestep was t = 0:04.
For all mergers, the galaxies approached each other on nearly parabolic orbits with
an initial separation of 30 length units and a pericenter distance of 2 length units. The
inclinations of the two disks relative to the orbit plane were t1 and t2 with arguments of
pericenter of !1 and !2. The values for the low resolution runs are given in Table 1. We
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simulated every geometry for every mass-ratio resulting in 60 simulations in total. For the
high resolution runs we limited ourselves to geometry number 8 assuming this as a likely
value for random encounters. The main reason for the limitations in parameter space was
the large computational eort for simulations containing a large number of particles.
In all simulations the merger remnants were allowed to settle into equilibrium
approximately 8 to 10 dynamical times after the merger was complete. Then their
equilibrium state was analysed.
3. Photometric and kinematical properties of the remnants
To compare our simulated merger remnants with observations we analysed the
remnants with respect to observed global photometric and kinematical properties of giant
elliptical galaxies, e.g. surface density proles, isophotal deviation from perfect ellipses,
velocity dispersion, and major- and minor-axis rotation. Dening characteristic values for
each projected remnant we followed as closely as possible the analysis described by BDM.
3.1. Isophotal shape
An articial image of the remnant was created by binning the central 10 length units
into 128  128 pixels. This picture was smoothed with a Gaussian lter of standard
deviation 1.5 pixels. The isophotes and their deviations from perfect ellipses were then
determined using a data reduction package kindly provided by Ralf Bender. Following
the denition of BDM for the global properties of observed giant elliptical galaxies, we
determined for every projection the eective a4-coecient a4eff as the mean value of a4
between 0:25re an 1:0re, with re being the projected spherical half-light radius. In case of a
strong peak in the a4-distribution with an absolute value that is larger than the absolute
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mean value, we chose the peak value. Since the time at which we analysed the a4 prole
of the remnant is somewhat arbitrary we investigated the time evolution of the isophotal
shape  20 time units after the merger of the bulge components was completed. Beginning
at t = 100 after every 10 time units the luminous part of the remnant was transformed to
the principal axes of its moment of inertia tensor. The tensor was evaluated using 40%
of the most tightly bound particles. The a4 prole was then analysed as seen along the
minor axis. Figure 1 shows the a4 proles at dierent times for the characteristic 3:1
merger remnant number 8 plotted as dashed lines. Figure 2 shows the a4 proles for the
1:1 remnant number 8. Although the individual a4 proles dier in details at dierent time
steps the global characteristic shape is conserved. This is reflected in the time evolution of
the characteristic a4 value a4eff we assigned to each remnant at the dierent time steps as
shown in the small diagrams of Figure 1 and Figure 2.
EDITOR: PLACE FIGURE 1 HERE.
EDITOR: PLACE FIGURE 2 HERE.
The characteristic ellipticity eff for each projection was dened as the isophotal
ellipticity at 1:5re. Figure 3 shows the ellipticity proles for the 1:1 merger number 8 at
every 10 time units after t = 100. The characteristic shape does not evolve with time and
so does eff (small box). The behaviour of this simulation is characteristic for the whole set
of simulations.
EDITOR: PLACE FIGURE 3 HERE.
To investigate projection eects we determined for each simulation a4eff and eff for
500 random projections. These values where used to calculate a probability density for a
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given simulated remnant to be "observed " at a given point in the a4eff - eff plane. Finally
we added up the densities for all simulation geometries at a given mass ratio. Figure 4
shows the results for mergers with  = 1; 2; 3, and 4. The contours indicate the areas of 50%
(thick line), 70% (thin line) and 90% (dashed-line) probability to detect a merger remnant
with the given properties. Observed data points from BDM are over-plotted. Filled boxes
are ellipticals with a4eff  0 while open diamonds indicate those with a4eff > 0. The
given errors for a4eff were estimated applying the statistical bootstrapping method (Heyl
Hernquist & Spergel 1994). The area covered by 1:1 remnants is in very good agreement
with the observed data for boxy elliptical galaxies (Figure 4). In particular the observed
trend for more boxy galaxies to have higher ellipticities is reproduced. The peak of the
shape distribution is around a4eff  −0:5 (Figure 5) where 2=3 of all projected remnants
show boxy isophotes. 2:1 remnants can appear slightly boxy (a4eff  −0:2) or disky
(a4eff  1:0) depending on the merger geometry and the projection angle (Figure 4 and
5). In contrast to 1:1 mergers two thirds of the projected remnants show disky isophotes.
If the shape is boxy then only the area for small ellipticities   0:2 is covered. The disky
projections have ellipticities predominantly around   0:4 (Figure 4). 3:1 and 4:1 remnants
show a double-peaked shape distribution with one peak around elliptical and slightly boxy
isophotes and a clear peak for 0:5  a4eff  2:0 and eff  0:6. For 3:1 and 4:1 mergers we
nd around 82% projections with a positive a4eff .
EDITOR: PLACE FIGURE 4 HERE.
EDITOR: PLACE FIGURE 5 HERE.
In summary there is a clear trend for unequal-mass mergers to produce more disky
remnants. Responsible for the disky appearance of the 3:1 and 4:1 remnants is the
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distribution of the particles of the massive disk. Figure 6 shows the dierent contributions
from the small and the large progenitor galaxy and the resulting isophotal map of the 3:1
merger remnant number 8. The particles originating from the small progenitor accumulate
in a torus-like structure that clearly has peanut-shaped isophotes. In contrast, the luminous
material from the larger progenitor still has a disk-like appearance. In combination, the
contribution from the larger progenitor { since it is three times more massive { dominates
the overall properties of the remnant. This result holds for all 3:1 and 4:1 merger remnants.
The more massive disk is not completely destroyed during the merger event and determines
the overall structure of the remnant. For equal mass mergers both disks are destroyed
during the merger and they loose the memory of their initial state and no dominant disk-like
contribution from one of the progenitor disks can be detected.
EDITOR: PLACE FIGURE 6 HERE.
The isophotal analysis also provides further information with respect to the radial
change of the relative orientation of the major axes of the isophotes. In general we can
state that for the simulated merger remnants the amount of isophotal twist depends on the
projection angle. This is demonstrated in Figure 7 for a more elongated and a nearly round
projection of a 3:1 merger remnant. To get a quantitative measure for the isophotal twist
we determined the relative position angle  between the isophote at 0.5 reff and 1.5 reff
for every projection of the remnant. Figure 8 shows a comparison of isophotal twists for the
characteristic 1:1, 2:1, 3:1, and 4:1 remnants 8. The isophotal twist is in general larger for
projections that appear nearly round. For ellipticities larger than eff  0:4 the isophotal
twist is   20◦. The distribution of  versus eff for random projections of every
remnant is almost consistent with observations of elliptical galaxies. However, the simulated
remnants show larger isophotal twists at high ellipticities than the observed galaxies. In
addition there is no signicant correlation between the mass ratio of the galaxies and the
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amount of isophotal twist.
EDITOR: PLACE FIGURE 7 HERE.
EDITOR: PLACE FIGURE 8 HERE.
3.2. Kinematics
The central velocity dispersion 0 of every remnant is determined as the average
projected velocity dispersion of the stars inside a projected galactocentric distance of 0:2re.
We dene the characteristic rotational velocity along the major and the minor axis as the
projected rotational velocity determined around 1:5re and 0:5re, respectively. Figure 9
shows the time evolution for these velocity measurements for a 3:1 merger simulation which
is characteristic for all simulations. The derived kinematical properties of the remnants
stay nearly constant over a long time period and are therefore a good measurement of the
intrinsic kinematics of the simulated remnants.
EDITOR: PLACE FIGURE 9 HERE.
Like for the isophotal shape we constructed probability density plots for the kinematical
properties of the simulated remnants and compared them with observational data from
elliptical galaxies. The normalized histograms for (vmaj=0) are shown in Figure 10.
EDITOR: PLACE FIGURE 10 HERE.
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There is a clear trend for 1:1 mergers to produce slowly rotating ellipticals with
(vmaj=0)  0:1. For 2:1 mergers the peak value is around (vmaj=0) = 0:35. 3:1 and 4:1
merger remnants have peaks around (vmaj=0) = 0:5 and 0:75, respectively.
Figure 11 shows the distribution in the (vmaj=0)-eff plane. The area for slowly
rotating boxy ellitpticals (lled boxes) is almost completely covered by the data of 1:1
mergers while 2:1 mergers have rotational properties of faster rotating boxy and slowly
rotating disky ellipticals. 3:1 and 4:1 remnants are clearly fast rotating and show high
ellipticities and can be associated with fast rotating disky ellipticals. There is a clear trend
for mergers with an increasing mass ratio to produce faster rotating ellipticals with higher
ellipticities. All simulated data are in good agreement with observations although there is a
trend for the simulated remnants to have slightly larger ellipticities as observed.
EDITOR: PLACE FIGURE 11 HERE.
The anisotropy parameter (vmaj=0)
∗ is dened as the ratio of the observed value of
(vmaj=0) and the theoretical value for an isotropic oblate rotator (v=)theo =
√
=(1− )
with the observed ellipticity eff (Binney 1978). This parameter has been used as a
test whether a given galaxy with observed vmaj , 0 and eff is flattened by rotation
((vmaj=0)
∗  0:7) or by velocity anisotropy ((vmaj=0)∗ < 0:7) (Davies et al. 1983;
Bender 1988; Nieto, Capaccioli & Held 1988; Scorza & Bender 1995). Figure 12 shows
the normalized histograms for the (vmaj=0)
∗ values of the simulated remnants. The 1:1
remnants show a peak around (vmaj=0)
∗  0:28 with a more prominent tail towards lower
values. The anisotropy is almost never larger than 0.7.
EDITOR: PLACE FIGURE 12 HERE.
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In general equal mass merger remnants are consistent with being pressure supported
systems, flattened by anisotropic velocity dispersions. 2:1 mergers show a median of
(vmaj=0)
∗  0:5. 3:1 and 4:1 mergers with (vmaj=0)∗ of 0.68 and 0.8 are consistent with
models of oblate isotropic rotators. Since the 3:1 and 4:1 remnants also have disky isophotes
they perfectly cover the area populated by observed disky ellipticals in the log(vmaj=0)
∗ -
a4eff diagram (Figure 13). 1:1 merger remnants agree with data from boxy ellipticals and
2:1 remnants cover the intermediate range. Again this result can be understood by the fact
that the disks of the more massive spirals are not completely destroyed in unequal mass
mergers, leading to rotating ellipticals.
EDITOR: PLACE FIGURE 13 HERE.
We investigate the minor-axis kinematics of the simulated remnants by parametrizing




min) (Binney 1985). Minor axis
rotation in elliptical galaxies, in addition to isophotal twist, has been suggested as a sign
for a triaxial shape of the main body of elliptical galaxies (Wagner, Bender & Moellenho
1988; Franx Illingworth & De Zeeuw 1991). In deed, 1:1 mergers show a signicant amount
of minor-axis rotation (Figure 14). This is consistent with their mostly triaxial shape and
the measured isophotal twist. 3:1 and 4:1 remnants are more oblate and show weak minor
axis rotation. However, the amount of isophotal twist is comparable to equal mass merger
remnants. A detailed analysis of the connection between intrinsic shape, isophotal shape,
and internal kinematics is beyond the scope of this paper and needs further investigation.
EDITOR: PLACE FIGURE 14 HERE.
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4. Conclusions & Discussion
The detailed isophotal and kinematical properties of the simulated merger remnants
reach their equilibrium value relatively fast after the merger of the central parts of the
galaxy is complete and do thereafter not signicantly evolve with time. Analysing our large
set of simulated remnants with dierent mass ratios and orbital geometries we nd that
their properties are in general in good agreement with the observational data for elliptical
galaxies. 1:1 merger remnants are consistent with being boxy, anisotropic and slowly
rotating bodies with a large amount of minor axis rotation. In contrast 3:1 and 4:1 mergers
have preferentially disky isophotes, are flattened by rotation, and show small minor axis
rotation independent of the assumed projection. 2:1 mergers have intermediate properties
with boxy or disky isophotes depending on the projection and the orbital geometry
of the merger. However, dierent projection angles and orbits do not change the fun-
damental properties of 1:1 mergers on the one side and 3:1 and 4:1 mergers on the other side.
In summary, many photometric and kinematical properties of elliptical galaxies can
be understood as a sequence of major mergers of disk galaxies with varying mass ratios.
Turning the argument around, the frequency and spatial distribution of disky and boxy
ellipticals in the universe could provide interesting information on the frequency of equal-
and unequal mass mergers in dierent environments. For example, the observations indicate
that the frequency of disky and boxy ellipticals is equal and that there exists a dependence
on luminosity or stellar mass (Bender, Burstein, & Faber 1992; Kormendy & Bender 1996).
Whereas low-mass ellipticals are preferentially disky, ellipticals with large masses are mainly
boxy. This would indicate an interesting mass dependence for the frequency of equal and
unequal mass mergers.
The present simulations were purely dissipationless, taking into account the stellar
{ 15 {
and dark matter component. The importance of gas in galaxy-galaxy mergers and the
formation of elliptical galaxies is not clear up to now. Kormendy & Bender (1996) proposed
a revised Hubble sequence with disky ellipticals representing the missing link between the
Im-spiral-S0 sequence and boxy ellipticals. They noted that gas infall into the equatorial
plane with subsequent star formation could lead to a second disk-like subcomponent.
Ellipticals with disks could appear disky when seen edge-on (Scorza & Bender 1995) and
boxy otherwise. Our simulations indeed indicate that a disk-like substructure is responsible
for producing disky isophotes (see Fig. 6). However, in the present case, the disk is the
remnant of the more massive spiral which was not completely destroyed during the minor
merger (see also Barnes (1998)). Naab & Burkert (2001) have shown that extended gas
disks can form as a result of a gas rich unequal mass merger. Barnes (2001) recently
presented a rst detailed set of equal and unequal mass merger simulations of gas-rich
galaxies resulting in the formation of gas disks. His simulations demonstrate a very complex
dynamical evolution. Naab & Burkert (2001) investigated line-of-sight velocity distributions
of dissipationless merger remnants and found a velocity prole asymmetry that is opposite
to the observations. They concluded that this disagreement can be solved if ellipticals
would contain a second disk-like substructure that most likely formed through gas accretion
(Naab & Burkert 2001). The situation is however not completely clear, as another study
by Bendo & Barnes (2000) found a good agreement of the observed asymmetries for some
cases. More simulations, including gas and star formation will be required in order to
understand the role of gas in the formation of elliptical galaxies.
We thank Ralf Bender and Hans-Walter Rix and ... for comments.
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Table 1. Orbital parameters
Geometry i1 !1 i2 !2 rp rsep
1 0 0 0 0 2 30
2 30 0 0 0 2 30
3 60 0 0 0 2 30
4 90 0 0 0 2 30
5 120 0 0 0 2 30
6 150 0 0 0 2 30
7 180 0 0 0 2 30
8 -30 -30 30 30 2 30
9 60 60 -60 -60 2 30
10 90 90 90 90 2 30
11 -90 90 90 90 2 30
12 -120 -30 60 -30 2 30
13 60 -30 -120 -30 2 30
14 60 -30 -60 -30 2 30
15 150 -30 30 30 2 30
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Fig. 1.| Dashed lines show the variation of a4 along the apparent long axis for dierent
time steps with t = 10 for a 3:1 merger remnant. The arrow indicates the value of the
projected half mass radius re. The small viewgraph shows the time evolution of the eective
a4eff value assigned to each of the dashed curves.
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Fig. 2.| Same as Figure 1 but for 1:1 merger remnant.
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Fig. 3.| Radial change of the ellipticity  at dierent times (dashed lines) and the the time
evolution of the characteristic eff value for the 1:1 remnant number 8.
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Fig. 4.| Ellipticities ellell versus the characteristic shape parameter a4eff for low resolution
1:1, 2:1, 3:1, and 4:1 mergers. The contours indicate the 50% (thick line), the 70% (thin
line) and the 90% probability to nd a merger remnant in the enclosed area. The error
bars for a4eff are derived applying statistical bootstrapping. Errors for elleff are to small
to be plotted here. Black boxes indicate values for observed boxy elliptical galaxies, open
diamonds those for observed disky ellipticals (data from Ralf Bender).
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Fig. 5.| Normalized histograms of the shape parameter a4eff for 1:1, 2:1, 3:1, and 4:1 low
resolution mergers.
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Fig. 6.| Characteristic isodensity contours of the 3:1 merger remnant 8. The two up-
per panels show the contours for the luminous particles of smaller and larger progenitor,
separately. The lower panel shows the resulting proles of the remnant.
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Fig. 7.| The real isophotes (dotted) and the best tting ellipses (solid line) for the 3:1
merger remnant 8 seen in a more elongated (left) and rounder (right) projection. The major
axes of the tted ellipses are plotted for every isodensity contour. The change of direction
of the axes indicates the isophotal twist. The box length is 3 length units.
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Fig. 8.| Isophotal twists  vs. ellipticity  for the 1:1, 2:1, 3:1, and 4:1 remnants with
geometry 8. For every mass ratio 100 random projections are shown.
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Fig. 9.| Time evolution of the characteristic kinematical parameters: projected central
velocity dispersion , major axis rotation velocity vmajor at 1.5 re, and minor axis rotation
velocity vminor at 0.5 re.
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Fig. 10.| Normalized histograms of vmaj=0 for 1:1, 2:1, 3:1, and 4:1 low resolution mergers.
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Fig. 11.| Rotational velocity along the major axis vmaj over the central velocity dispersion
0 versus the characteristic ellipticity eff for 1:1, 2:1, 3:1 and 4:1 mergers. Values for
observed ellipticals are overplotted. Filled boxes indicate data for boxy elliptical galaxies,
open diamonds show data for disky ellipticals. The dashed line shows the theoretical value
for an oblate isotropic rotator.
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Fig. 12.| Normalized histograms of (vmaj=0)
∗ for 1:1, 2:1, 3:1, and 4:1 low resolution
mergers.
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Fig. 13.| Anisotropy parameter (vmaj=0)
∗ versus a4eff for 1:1, 2:1, 3:1 and 4:1 mergers.
Values for observed ellipticals are overplotted. Filled boxes indicate data for boxy elliptical
galaxies, open diamonds show data for disky ellipticals.
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min) versus a4eff for 1:1, 2:1,
3:1 and 4:1 mergers. Values for observed ellipticals are overplotted. Filled boxes indicate
data for boxy elliptical galaxies, open diamonds show data for disky ellipticals.
